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¼Â¸l¸l®6¼½Áh©°ªf®¸ñ¾ªf®»´hªf³oÛ´hªf®»ªf³èÖ¶äAÁhª¿«A­½Ã ð=ª²®lÃ]äA±Aª²³+´Lªf®«Aª²®l·h¯°ªf©u·Zª²³h´hª²³èì®lª²´h©°¸l³hªfÁLÃ¿ª²®
¼½·hÁeÀ½³L±½¸b×AÇ1©uªÅ·Zªf®lª²©°¸lºª²®»¾RÀÂÁh³O¸fÛO¾Å©u®»´¿Æ½­A³LÙfªfçy¸6©u­½³hªf¯°¯³h©°ÈCÁ¹¸´e¼Â³e¼½ÈqÁÔh³¹¸6ª²®lºlÈqÁh©°ªf´hª²³Ûy­A·
´h©uª²ºlªfº]ð=ªf®»Ã¿ä½±Aªf³Q¼½¯uº¿ì®»ªf´h©Í¸6ºl©°ÈqÁhªf®»Áhªf©Í¸¿´h©°ªf³O¸¿­K´hª²®¼½¯°º¿Þ=©°±Aª²³e¼½³O¸lªf©°¯Å´hª²®¿ÒÓ³O«Aªfº¸6­A®»ªf³
ÙfÔh®ËÜ©u³e¼½³LÙf©°ªf®lÔL³h±è·zª²©°¸l®6À½±Â¸b×¬¨}©uªí¨}ª²çZ­Aºl©Í¸6ª²³ ©u³"Ýªf®»©u­K´hª
t2
º»©u³h´"ÁhäAÁLªf®Ë¼½¯°ºc©°³"´hª²®
ð=­A®lçZª²®l©°­K´hª½ÛO´e¼º»©uÈqÁ´e¼½ºÃ]©°¸
Ω
·Zª²Ùfªf©°ÈqÁh³hª²¸lª}ð=ª²®lÃ]äA±Aª²³çh®»­Úì®lªf´L©°¸6³LªfÁhÃ]ªf®¼½ÃÞS³h´hª
´hªf®ªf®lº¸6ª²³ÑÝªf®»©u­K´hªå¼½ÔyÉÎ±A®lÔh³L´÷´hª²®´hÔL®lÈqÁh±AªàÉÎßhÁh®»¸lªf³íÒÓ³O«Aª²º»¸l©°¸6©°­A³á©°³
t1
ªf®»ÁhäAÁ¹¸sÁe¼v¸b×ÞSº
±A©u¯Í¸!ã
Ωb = e + ae(r − rd)
}óúK×JG
¨¼½ºñðSªf®lÃ]äA±½ªf³
Ωb
¸lªf©°¯°¸sº»©uÈqÁÑ©u³íµi·hÁeÀ½³h±½©u±AÆ½ª²©°¸«A­A³Ñ´hªf®s«Aªf®ÉÎ­A¯u±Â¸6ªf³2êo©u³LºÏ¶Ôh³h´2¨}©°«K©ÍÏ
´hªf³h´Lªf³hçZ­A¯°©°¸l©uÆ©°³2ÝS®l©Í«Â¼Â¸»«Aªf®lÃ]äA±½ªf³ÑÔh³h´2©°³
é
ª²¾Å©°³h³h®lßhÈqÆO¯k¼Â±Aªf³Ñ´hª²®EâR¼½³hÆ÷¼½ÔLÉÛ8ª²®l±A©°·L¸
ºl©uÈqÁ¶ø»ª²´h­KÈCÁÚÔh³e¼½·LÁeÀ½³h±A©°±i«A­A³Ú´h©°ªfºlª²®µ}ÔLÉG¸lªf©°¯uÔh³h±}¼½¯°ºØyÔhÃ]Ã¿ª=«A­A³Úµ}³LÉî¼½³L±Aº6¼½ÔLºlº»¸6¼Â¸l¸lÔh³h±
Ôh³h´¶ª²¸»¸6­Kª²®»¸6®l¼½±å´Lªfº¬ÒÓ³¹«Aªfº»¸l©°¸l©u­A³hº»­A·Kø»ªfÆ¹¸6ª²ºÅ©°³
t1
×L¨}Ôh®lÈqÁc´e¼½ºRµiÔhºlº»ÈCÁLªf©u´hª²³ù´hªf®m ªb¼½®»¯_p
´h©uª²®vo¾Å©°®l´
Ωb
³h©uÈqÁO¸ã·Zª²ªf©u³VUeÔhºlº¸bÛ=´e¼í¼ÂÔLÉ}´hª²®ãªf©°³hªf³QØyª²©°¸6ª
(1 − p)N
ìs®»ªf´h©Í¸6³hª²ÁhÃ]ªf®
©uÁh®»ªf³µ}³¹¸6ª²©u¯z¼½³´hª²³cëÅßhÈqÆK¯u¼½±Aª²³.¼Â·hÙf©°ªfÁhª²³Ûyºl©°ÈCÁ[¼½·Zªf®¼½ÔLÉ:´hª²®R¼½³h´hª²®lª²³ùØyª²©°¸6ªi´h©°ªê¼½Áh¯
´hªf®]ì®»ªf´h©Í¸6³hª²ÁhÃ¿ª²®ã¼½ÔLÉ
pN
«Aªf®l®»©u³h±½ªf®¸b×S¨}©uªcÖ¶äAÁhªc´hª²®]¨}ª²çZ­Aºl©Í¸6ªf³çh®»­Ñìi­½çLÉiªf®l±½©u·L¸
ºl©uÈqÁù³OÔh³ô¼Â¯uºFã
db2 = a
(
e + ae(r − rd)
)
}óúK×JB
iªf·Zª²³c´hª²³ù¨iªfçZ­Aº»©°¸6ª²³cÆ½ä½³h³hª²³ù¼½ÔhÈqÁ.´h©°ª}ªf©°³K·ZªfÁh¼½¯°¸lªf³hª²³
é
ª²¾Å©u³L³hª}´hªf®¬â¼½³hÆ¿¼½¯uºì®lªCÏ
´h©°¸lªE¼½Ôhº»±Aªf¯°ªf±½¸i¾ª²®l´hª²³ÛoÔh³h´©uÃ
é
ªf±Aª²³hº6¼v¸6ÙEÙfÔáÝªf®»©u­K´hª
t1
«Aª²®»ÉÎßh±Â¸ªf©u³ôÒÓ³¹«Aªfº»¸l­A®³OÔh³
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¼½ÔhÈqÁWßL·Zªf®Eçh®l©Í«Â¼Â¸lª¿¯u©_KÔL©u´hª¿ÊË©°¸»¸6ªf¯©°³+Öiä½Áhª¿«A­A³
pi1
×¨}ª²®åâªà¸6®l¼½±
Ib2
Û<´hª²®Úª²©u³LªfÃ ÒÓ³yÏ
«Aªfº»¸l­A®¬©°³
t2
©u³Lºl±Aª²º6¼½ÃE¸RÙ²Ôh®RðSªf®»ÉÎßL±AÔh³h±åº»¸lªfÁ¹¸bÛhº»ª²¸lÙ²¸Åºl©°ÈCÁ.¼½¯uº»­å¼½ÔhºR´hª²Ã*âR¼Â³hÆOÆK®»ªf´h©Í¸
lb2
Ôh³h´
pi1
ÙfÔhºl¼½Ã]Ã¿ª²³×eÞ=ºÅ±A©u¯Í¸!ã
Ib2 = a
(
e + ae(r − rd)
)
+ (1− α)
Π1
N︸ ︷︷ ︸
lb2
+ ae(r − rl1) + α
Π1
N︸ ︷︷ ︸
pi1
= a
(
e + ae(r − rd)
)
+ ae(r − rd)
}óúy×
"
û
Þ=ºEßh·Zªf®»®6¼½º»ÈCÁ¹¸å³h©uÈqÁO¸fÛ<´e¼½ºlºE´h©uªëÅªfº»ªf®»«Aª²³K·h©°¯u´hÔL³h±÷¼ÂÔLÉÅ´h©°ª[Ö¶äAÁhª´hª²ºÚÒÓ³O«Aª²º»¸l©°¸6©°­A³hº«A­ÂÏ
¯uÔhÃ]ªf³hº©°³2´hªf®EÙ²¾ªf©°¸lªf³WÝªf®l©°­K´hªÆ½ª²©u³hª²³èÞS©u³nUhÔhºlºÚÁh¼Â¸b×¨}©uª¿ªf©u³O·ZªfÁe¼Â¯°¸lªf³hª²³
é
ª²¾Å©°³h³hª
ªf®lÁLäAÁhªf³Ùà¾R¼½®´Lªf³[âR¼Â³hÆOÆK®»ªf´h©Í¸
lb2
Ûfø»ª²´h­KÈCÁ¿«½ªf®lÃ]©u³L´hªf®¸ºl©°ÈCÁ¿´e¼Âº¯°©]OÔh©u´Lª¶ÝS®»©°«Â¼v¸l«Aªf®»Ã¿ävÏ
±Aªf³ùÔhÃﬃ´hªf³Ë±½¯uªf©°ÈqÁhªf³ùâªà¸6®6¼Â±h×
¨}Ôh®lÈqÁc´h©uª}ªf®»³hªfÔy¸6ªÒÓ³O«Aªfº¸6©Í¸6©u­½³.´hª²®ÅÞS®¸6®6À½±½ª¼½Ôhº
t1
©°³cÝª²®l©°­K´hª
t2
±Aª²³hªf®»©uª²®»¸¬´L©uªÜe­A¯u±Aª
«A­A³ËÒÓ³O«Aª²º»¸l©°¸6©°­A³hª²³ùÉÎßh®¨m ¯k¼Â¸lª´h©uª²®vo³OÔh®i¼ÂÃ ÞS³h´hªñ´hªf®¶Ùà¾ª²©°¸6ª²³Ýª²®l©°­K´hªsªf©°³hªŁ¶ª²¸»¸6­Kªf©°³yÏ
Ùb¼½Áh¯°Ôh³h±L×Zâª²«A­A®i³OÔh³´Lªf®}Ý¼p¹ÏÐ­Cí´hªf®Łm ¯k¼v¸6ªñ´h©°ªf®«o«A­A¯°¯uº»¸6À½³h´h©°±ãÈCÁe¼Â®6¼½Æ¹¸6ª²®l©°ºl©uª²®»¸¶¾ª²®l´hª²³
Æv¼½³h³oÛ¹º»©u³h´å³h­KÈCÁãªf©°³h©u±½ªð=­½®lßh·Zª²®l¯uª²±AÔh³h±½ªf³ã³hä½¸l©u±h×½Üßh®´h©°ª¬Ü©u³e¼Â³hÙf©°ªf®lÔL³h±s¼ÂÔhºS´hªfÃYÝS®l© Ï
«Â¼Â¸l«½ªf®lÃ]äA±Aª²³ÃåßLºlºlª²³açhçZ­A®»¸lÔh³h©Í¸qÀÂ¸lºlÆ½­Aº¸6ªf³E¼½³h±½ªfºlªà¸6Ùà¸¾ªf®»´hªf³Ûv´h©°ª©°³ñ´h©uª²ºlª²Ã Êù­K´hªf¯°¯
´hªfÃY¨}ª²çZ­Aºl©Í¸6ª²³hÙf©°³hºlºl¼Â¸6Ù
rd
ª²³O¸6º»çh®lª²ÈCÁLªf³×K¨}©uª²ºlª²®=ÕiÃ]º»¸q¼Â³h´ãª²®lÆO¯kÀÂ®»¸Sºl©°ÈqÁå¾Å©uªÉÎ­A¯°±½¸!ãvµ}ÆAÏ
ÆKÔLÃåÔL¯u©°ªf®»¸lª}ëÅªfºlª²®»«Aª²³ù©°³h³hªf®»Áe¼½¯°·´hªf®RâR¼½³hÆ]®lª«Ee³e¼½³LÙf©uª²®lª²³ùì®lª²´h©°¸lª¼½³[´h©°ª}ÒÓ³¹«Aªfº»¸l­A®lª²³Û
­AÁh³hªÅ´h¼½ºlº=Áh©uª²®»ÉÎßh®´hªf®êo©u³hº»º6¼Â¸6Ù
rd
¼ÂÔLÉÎ±Aªà¾ªf³h´Lª²¸¾ª²®l´hª²³ÃÚßLºlº»¸lª½×O¨}ª²®¨}ªfçZ­Aº»©°¸6ª²³hÙ²©u³hºÏ
º6¼Â¸lÙÚº»¸6ª²¯u¯Í¸}ºl­AÃ]©°¸i´hªf³áÆ½­A®»®lªfÆ¹¸6ª²³÷µ}¯Í¸6ªf®»³e¼Â¸l©°«Aªf®¸6®l¼½±Aºlºl¼Â¸6ÙñÉÎßh®}çh®l©Í«Â¼Â¸}±AªfÁe¼Â¯°¸6ª²³hªåÊË©°¸»¸6ªf¯
´e¼½®f×ÞS·Zªf³hº»­W´h©°ªf³¹¸
rd
¼½¯°º¿¨}©uº»Æ½­A³O¸l®6¼Â¸lªËÙfÔh®âª²®lª²ÈCÁh³OÔh³h±2«A­A³õâ¼½®»¾ª²®»¸lªf³Û´h©uªùÙfÔLÃ
ð=ªf®»±A¯uª²©uÈqÁ´hª²®[ê¼ÂÁh¯uÔh³L±Aºlçh®»­CEe¯°ª.·Zªf³hä½¸l©u±Â¸ã¾ª²®l´hª²³Û´e¼í´h©°ªfº»ªÚø»ªù³e¼½ÈqÁ
é
®»ÔhçhçZªf³LÙfÔh±AªCÏ
ÁhäA®l©°±AÆ½ª²©°¸´hªf®EÒÓ³h´h©Í«y©°´hÔhª²³Wª²©u³hªÔL³O¸6ª²®lº»ÈCÁL©uªf´L¯u©uÈqÁhªÙfª²©°¸l¯u©°ÈCÁhªØK¸6®»ÔhÆ¹¸6Ôh®Ú¼½ÔLÉG¾ª²©uº»ªf³×SêoÔL®
ë¶ª²ÈCÁ¹¸lÉÎª²®»¸6©°±AÔh³h±ñ´h©°ªfº»ªf®µ}³h³h¼½ÁhÃ]ª¶Æv¼½³L³´h©°ª¶¼½¯°¸lªf®l³h¼Â¸6©Í«Aª¶âª²¸6®l¼½ÈqÁO¸lÔh³h±«A­½³[ÞS³h´y¾ªf®¸6ªf³
·ZªfÙf­½±Aªf³í¼ÂÔLÉ´e¼ÂºÞ=³L´hªÚ«A­A³÷Ýª²®l©u­K´Lª
t2
·Zªf©Í¸6®6¼½±½ªf³×oÕ¶³O¸lªf®»ºlÔhÈqÁO¸sÃ¼Â³´h©°ªfºlªå¼Â³íØK¸6ª²¯u¯°ª
«A­A³WâR¼½®¾ªf®¸6ªf³oÛÃÚÔhº»ºE´h©°ª[ê¼½Áh¯°Ôh³h±
pib1−p
ª²©u³hªÝªf®»©u­K´hª¼½ÔLÉÎ±½ªfÙf©°³hº»¸¾ª²®l´hª²³ÛÔhÃ ´h©°ª
ð=ªf®»±A¯uª²©uÈqÁK·e¼Â®lÆ½ªf©Í¸¶Ã¿©Í¸
pibp
Áhªf®»ÙfÔhº¸6ªf¯°¯uª²³×zÖi©°ªf®ÉÎßh®¶Æ½­½Ã¿ÃE¸¶³OÔh®
rd
©u³ËÜe®6¼½±AªÂÛ´e¼]´h©°ªñªf³¹¸»Ï
ºlçh®»ªfÈqÁhªf³h´hªf³¿ÒÓ³L´h©°«K©u´LÔhªf³åßh·Zªf®SÆ½ª²©u³ãÒÓ³¹«Aªfº¸6©Í¸6©u­½³hºl­A·Kø»ªfÆ¹¸¼½¯°ºµ}¯°¸lªf®»³e¼Â¸6©Í«AªRÙ²Ô]¨}ªfçZ­½ºl©°¸lªf³
«Aªf®»ÉÎßL±Aªf³×L¨¼½ºR·Zª²ºlÈqÁh®l©°ªf·Zª²³hªð=­A®l±½ªfÁhª²³[ÉÎßhÁh®¸R©uÃYð=ªf®»±A¯uª²©uÈqÁÙfÔh®RâR¼½®¾ª²®»¸6·Zªà¸6®6¼ÂÈCÁ¹¸6Ôh³L±
ÙfÔù©u´hª²³O¸6©°ºlÈqÁhª²³ôÞS®l±½ªf·h³L©uºlº»ªf³×
"
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Ç2ª²©°¸lªf®lÁL©u³÷ÃÚÔLºlºs·Zª²®lßhÈqÆOºl©uÈqÁ¹¸6©u±Â¸s¾ª²®l´hª²³Û8´e¼Âºlºs´h©uªãâ¼½³hÆ¼½ÃﬁÞS³h´hªã´hªf®Ù²¾ª²©°¸lªf³ÑÝªàÏ
®l©u­K´Lªñ¼½ÔyÉÎ±Aªf¯°äAº»¸¬¾Å©°®l´ùÔh³h´ô¼Â¯u¯°ªs¼½ÆOÆOÔhÃÚÔh¯°©uª²®»¸6ª²³ËëÅªfº»ªf®»«Aª²³á¼½ÔLºl±Aª²ºlÈqÁKßL¸»¸6ªà¸}¾ªf®l´Lªf³×z¨}©°ª
µ}Ôhº»ºlÈqÁKßL¸»¸6Ôh³h±ùÆH¼½³h³á±A®lÔh³L´hº6ÀÂ¸lÙf¯°©uÈqÁßh·Zªf®Ù²¾ª²©Sìs¼½³eÀ½¯°ª«½­A®l±Aª²³h­AÃ]Ã¿ª²³ô¾ª²®l´hª²³,ã<êoÔLÃ
ªf©u³Lªf³[¼½¯uº¨}©Í«y©°´hªf³L´hª}©°³
t2
Ôh³L´[ÙfÔhÃ ¼½³h´hª²®lª²³.´hÔL®lÈqÁ.ª²©u³hªØyÔL·O«Aª²³O¸6©°­A³h©°ªf®lÔL³h±E´hªfºRì®lªCÏ
´h©°¸lÙf©u³Lºlº6¼v¸6Ùfª²º
rl2
×Lâªf©o¯°ª²¸lÙ²¸6ª²®lª²Ã¯u©°ªf±½¸´hªf®¬ì®lª²´h©°¸lÙf©°³hºlºl¼Â¸6Ù}ºl­Ú¾ª²©°¸RÔh³O¸lªf®»Áe¼½¯°·.´hª²ºÅ¨}ªàÏ
çZ­Aºl©Í¸6ªf³LÙf©u³Lºlº6¼v¸6Ùfª²ºfÛh´h¼½ºlºR´hªf®´e¼½´hÔL®lÈqÁcª²³O¸6º¸6ª²Áhªf³h´hªðSªf®l¯°Ôhº»¸R´hª²®¬âR¼½³hÆ]±Aª²®6¼½´hª}´h©uª}ë¶ªCÏ
ºlªf®«Aªf³]¼½ÔyÉÎÙfªfÁL®»¸b×½Õi³¹¸6ª²®´hª²³å±AªfÃ¿¼½ÈqÁO¸lªf³Úµ}³h³h¼½ÁhÃ]ªf³EÉÎßhÁh®lª²³å·Zªf©°´hªð¼½®»©k¼½³¹¸6ª²³ÚÙ²Ôå©u´Lªf³yÏ
¸6©uº»ÈCÁLªf³EÞS®l±Aª²·h³h©°ºlºlª²³×ï½(%SÞSº<¾Å©°®l´¼Â³h±Aªf³L­AÃ¿Ã]ª²³Ûb´e¼½ºlº<´h©°ª=µiÔhºlºlÈqÁOßL¸l¸lÔh³h±¼ÂÔhºlº»ÈCÁh¯°©uª²æA¯u©°ÈCÁ
ßh·Zªf®R´h©°ªØyÔh·¹«Aªf³O¸l©u­½³h©uª²®lÔh³h±Ú´hªfºÅêo©u³hº»º6¼Â¸lÙfª²º
rl2
«A­½®l±Aª²³h­AÃ]Ã¿ª²³¾Å©u®»´×¾ ' êz¾¼½®Áe¼Â¸R´h©°ªàÏ
ºlªsµ}³L³e¼½ÁhÃ]ªÆ½ªf©u³Lªf³ËÞS©u³VUeÔhºlº¶¼½ÔLÉ´L©uªsÞS®l±½ªf·h³L©uºlº»ª½ÛÂø»ªf´h­KÈqÁù´hª²±Aªf³hª²®l©°ªf®»¸ÅÁh©uª²®l´hÔL®lÈqÁù´h©°ª
Þ=³¹¸6º»ÈCÁhª²©u´LÔh³h±Ñ´Lªf®]ÊË©°¸l±A¯u©Íªf´hª²®Ú´hª²®]â¼½³hÆ2ßh·Zª²®ã´h©°ª
é
ªfº»ÈCÁeÀvÉG¸6ºlçZ­½¯u©°¸l©uÆ÷©u³èÝªf®»©u­K´hª
t2
Û
´e¼´h©uªiÖiä½Áhªi´hªf®¼½ÆOÆOÔhÃÚÔh¯u©°ªf®¸6ªf³ëÅªfºlª²®»«Aª²³.´hªf³cêo©°³hºlºl¼Â¸6Ù
rl2
ºlÈqÁh­A³[´Lª²¸6ª²®lÃ]©u³h©°ªf®¸ÔL³h´
¨}©°«K©u´Lªf³h´hª²³Ë³L©uÈqÁO¸ÅÃ¿ª²Áh®¬·Zªf®lßLÈCÆOºl©°ÈqÁO¸6©°±½¸Å¾ª²®l´hª²³×
Üßh®i´h©uª´m ¯u¼Â¸6ªñ´h©uª²®vozªf®»±A©u·L¸}º»©uÈqÁá¼½Ôhº}´hª²³
é
¯°ªf©°ÈCÁOÔh³h±Aª²³ü}óúy×
"
ûÅÔL³h´ } úy× üs¶´Lªf®âR¼½®»¾ªf®»¸
´hªfº
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´h©uª²ºlªf³Ñâª²´h©u³h±½Ôh³h±Aª²³÷«Aªf®lÔL®lº6¼ÂÈCÁ¹¸E´L©uªãì®lª²´h©°¸l±Aªf³L­Aºlº»ªf³hº»ÈCÁe¼vÉG¸©uÃ ð=ªf®»±A¯uª²©uÈqÁ÷ÙfÔL®ñâR¼½³hÆ
´hÔh®lÈqÁ´h©uªñµ}ÆOÆOÔhÃÚÔh¯k¼v¸6©u­½³ù«A­A³áëÅªfº»ªf®»«½ªf³÷©°³
t1
©°³ãø»ªf´LªfÃÜ¼½¯°¯8ª²©u³hªñð=ª²®l®»©u³h±Aª²®lÔh³L±´hªfº
Ý¼p¹ÏÓ­92´hªf® m ªb¼Â®l¯_pù´h©uª²®vo°Ûz´e¼[´L©uª²ºlªÚ©uÁL®lªÚëÅªfº»ªf®»«Aª²³÷«Aª²®l¯u©°ªf®»ªf³×oÖ¶©uªf®»´hÔh®»ÈCÁáº¸6ªf©°±Aªf³á¼½·Zªf®
±A¯uª²©uÈqÁhÙfª²©°¸l©u±ã´h©uªEëÅªfº»ªf®»«½ªf³áÉÎßh®Sø»ª²´hªf³ m ¯u¼Â¸6ªñ´h©°ªf®vo°ÛZº»­[´e¼½º»ºª*)ôçZ­Aº»¸}ªf©°³hªEÕiÃE«Aªf®¸6ªf©°¯uÔL³h±
Ù²¾Å©uº»ÈqÁhªf³c·Zªf©u´Lªf³
é
®»ÔhçhçZª²³cº¸q¼Â¸»¸REe³h´Lª²¸b×hÞb).¼½³O¸lª½Ûh¼Â¯uºl­E·Zª²«A­A®ÉÎßh®8ø»ªf´hª²³cªf©°³hÙfª²¯u³Lªf³.´h©°ª
é
®»ÔhçhçZªf³LÙfÔh±Aª²ÁhäA®»©u±AÆ½ª²©°¸¶­Czªf³O·e¼½®Å¾Å©°®l´ÛeÆ½­½³hº»¸l©°¸6ÔL©uªf®¸¶´h©°ªñÕiÃE«Aªf®¸6ª²©u¯°Ôh³h±ãªf©°³hªf³ËÄ<®6¼Â´hªàÏ
­CÛh´Lªf®Å©uÃﬃÜe­A¯u±½ªf³h´hª²³Ë¼Â³e¼½¯ pyº»©uª²®»¸¬¾Å©°®l´×
é
¯°ªf©uÈqÁOÔh³h± } úy× üs}·Zª²ºlÈqÁh®lª²©u·L¸ñ³e¼ÂÈCÁá¾Å©uªÚ«A­A®´hª²³íÄ<ªf©u¯´hªfºsÒÓ³O«½ªfº»¸l©°¸6©°­A³hº»ªf®¸6®6¼Â±Aº
pi1
Û´hª²®
«A­A®´hªfÃni¼Â¸6ÔL®lÙfÔL±c©°³á´e¼½ºçh®l©Í«Â¼Â¸lªEð=ª²®lÃ]äA±Aªf³áª²©u³hª²ºÒÓ³h´h©Í«K©u´hÔLÔhÃ¿º$Ue©uª²æ½¸b×o¨¼ñø»ªf´h­KÈqÁ
¼½Ôhºlº»ÈCÁLªf©u´Lªf³h´LªsÊË©Í¸6±A¯°©°ªf´Lªf®=³L©uÈqÁO¸6º´hÔL®lÈqÁ´h©uª¶ò:©]OÔh©u´L©uªf®»Ôh³h±s©uÁh®»ªf®=µ}³¹¸6ª²©u¯uª¬ªf®l¯°äAºlª²³Æ½ä½³yÏ
³hªf³Ûe©uº¸Å´e¼½Ã]©°¸¬¼½ÔhÈqÁË´Lªf®lª²³ôÝ¼p¹ÏÐ­Cá©u³hº»±Aªfºl¼½ÃE¸
pig1−p
ÉÎªfº»¸l±Aª²¯uªf±Â¸b×eÞ=ºÅ±A©u¯Í¸!ã
pig1−p = pi1 = ae
(
r − rl1
)
+ α
Π1
N
} úy×
"
ü
úAú
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Ç1©uªsÙ²ÔL«A­A®¶ÃÚßhº»ºlª²³ËÉÎßL®Å´h©uª
é
®»ÔhçhçZªs´hªf®¨m ¯u¼Â¸6ª´h©°ªf®«o´e¼Âº¶ÒÓ³O«Aª²º»¸l©°¸6©°­A³hº«A­A¯uÔLÃ¿ª²³
Ig2
ÔL³h´
´e¼½Ã]©°¸¬¼½ÔhÈqÁË´e¼ÂºÅðSªf®lÃ]äA±Aª²³
Ωg
·Zªfº»¸l©uÃ]ÃE¸R¾ª²®l´hª²³×ZÞ=ºÅ±A©u¯Í¸!ã
Ωg =
pNe + (1− α)Π1 +
Npi1︷ ︸︸ ︷
pαΠ1 + pNae(r − rl1)
pN
= e + ae(r − rd) + (1− p)
(1− α)Π1
pN
} úy×
"
#s
ÒÓÃ Õ¶³O¸lªf®lº»ÈqÁh©uª²´[ÙfÔLÃ «A­A®»Áhªf®»©u±Aª²³µi·hºlÈqÁh³h©Í¸l¸«Aªf®»·h¯uª²©u·Zªf³¼½¯°¯uª¬ªf©°³K·Zª²Áe¼½¯°¸lªf³hª²³
é
ª²¾Å©°³h³hª
©u³h³hª²®lÁe¼Â¯u·E´hª²®Sì®lª²´h©°¸l±Aªf³L­Aºlº»ªf³hº»ÈCÁe¼vÉG¸b×¹ÞSºº»ÈCÁLªf©u´Lªf³
N(1−p)
´hª²®Ôh®»ºlçh®»ßh³h±A¯°©uÈqÁhªf³ãÊË©Í¸»Ï
±A¯u©°ªf´hª²®ÅÃ¿©Í¸¶µ}·L¯k¼½ÔLÉ«A­½³
t1
¼½Ôhºi´hª²®}ìs®»ªf´h©Í¸6±Aª²³h­Aº»ºlªf³LºlÈqÁe¼ÂÉG¸¼½ÔhºiÔh³L´¯u¼½ºlº»ªf³ë¶ª²ºlª²®»«Aªf³
©u³Öiä½Áhªi«A­½³
(1− p)(1−α)Π1
Ù²Ôh®lßhÈqÆÛL´L©uª¶ºl©uÈqÁ[¼½ÔLÉ:´L©uªÅ«Aªf®l·L¯u©°ªf·Zªf³Lªf³
pN
ÊË©°¸l±A¯u©Íªf´hª²®
¼½ÔLÉG¸6ª²©u¯°ªf³×oÒÓÃﬁðSªf®l±½¯uªf©°ÈqÁíÙfÔL®âR¼½³LÆáª²®lÁhäAÁ¹¸º»©uÈqÁÑº»­AÃ]©°¸´e¼½ºsðSªf®lÃ]äA±Aª²³íªf©°³hªfºs«½ªf®l·L¯uªf© Ï
·Zªf³h´hª²³WÊù©°¸6±½¯u©°ª²´hºÔhÃﬁ´Lªf³íªf³O¸lºlçh®»ªfÈqÁhªf³h´hªf³+âªà¸6®6¼½±L×8ÊËÔh¯°¸l©uçh¯°©ÍÙf©°ªf®¸Ã¿©Í¸´hª²ÃÜ¼½Æ¹¸6­A®
a
ª²®l±Aª²·Zªf³Ëºl©°ÈCÁË¼ÂÔhº
é
¯°ªf©uÈqÁOÔh³h±}óúy×
"
#s´h©uªs¨}ª²çZ­Aºl©Í¸6ªf³
dg2
¾Å©uªÉÎ­A¯u±½¸Fã
dg2 = a
(
e + ae(r − rd)
)
+ a
(1− p)(1− α)Π1
pN
} úy×
"
G
µ}Ôhºc´hªfÃ ¯°©]OÔh©°´hªf³1ÝS®l©Í«Â¼Â¸»«Aªf®lÃ]äA±Aª²³
pi1
Ôh³h´"´hª²Ã ì®»ªf´h©Í¸6·Zªà¸6®6¼½±
lg2
¯uÀ½ºlº¸ùº»©uÈqÁ"´e¼½º
ð=­A¯uÔLÃ¿ª²³c´hª²®¶ÒÓ³¹«Aªfº¸6©Í¸6©u­½³
Ib2
¾Å©uªÉÎ­A¯°±½¸¬·Zªfº¸6©°Ã¿Ã]ªf³,ã
Ig2 = d
g
2 +
(1− α)Π1
pN︸ ︷︷ ︸
l
g
2
+ ae(r − rl1) + α
Π1
N︸ ︷︷ ︸
pi1
} úy×
"
B
¨}Ôh®lÈqÁ[´h©uª¶³h©uÈqÁ¹¸R¼½Ôhº»±Aªfº»ÈCÁOßL¸»¸6ª²¸lªf³ùëÅªfº»ªf®»«Aª²³cÆH¼½³h³[´L©uªiìs®»ªf´h©Í¸6±Aª²³h­Aº»ºlª²³hºlÈqÁe¼ÂÉG¸R©u³Ýªf®»©ÍÏ
­K´hª
t2
çh®l­ÚÒÓ³¹«Aªfº»¸l­A®¬Ã]ªfÁh®Rì®»ªf´h©Í¸¬¼½ÔLºl¯uª²±Aªf³.¼½¯uº´h©uª}âR¼½³hÆÛL´e¼EÙfÔLÃªf©°³hªf³[´h©uª¨}ª²çZ­Aºl© Ï
¸6ªf³Úø»ªñÊË©Í¸6±A¯°©°ªf´[ÔhÃ*´h¼½º
a
ÏÐÉî¼½ÈqÁhª´hª²ºiâªà¸6®l¼½±Aªfº
(1− p) (1−α)Π1
pN
º»¸6ª²©u±Aª²³ÛhÙfÔhÃ ¼Â³h´hª²®lªf³
´h©uªãÙfÔh®»ßhÈqÆK±½ªf¯k¼Âºlºlª²³hªf³èëÅªfº»ªf®»«Aª²³W´Lªf®E¼ÂÔhºl±Aª²ºlÈqÁh©uª²´hª²³hªf³ÊË©Í¸6±A¯°©°ªf´Lªf®sº»ªf¯°·hº»¸E¼½¯uºñì®lª²´h©°¸
¼½Ôhºl±½ªf¯uª²±½¸¾ªf®»´hªf³ùÆ½ä½³h³hªf³o×¨}¼½º¬ÒÓ³O«½ªfº»¸l©°¸l©u­A³hº«A­A¯uÔLÃ¿ª²³.º»­H¾Å©uª
pig1
ª²®lÃ]äA±A¯°©°ÈCÁLªf³[³KÔL³c´h©°ª
¨¼½®lº¸6ª²¯u¯uÔL³h±]´hª²º}Ý¼1pOÏÐ­C÷´hª²®m ¯u¼Â¸6ª´h©uª²®vo°×ÞSº¶¾Å©°®l´c¾Å©uª²´hªf®»ÔhÃ ¼½³h±Aª²³h­AÃ]Ã¿ª²³Ûh´e¼½ºlº¶´h©°ª
¼½³h±Aª²º6¼½Ã]Ã]ªf¯°¸lªf³÷ë¶ª²ºlª²®»«Aªf³2Ù²Ôh®ØyÔh·¹«Aªf³¹¸6©u­½³h©uª²®lÔh³L±ù´hªfºñìs®»ªf´h©Í¸6Ù²©u³hº»º6¼Â¸lÙfªfº
rl2
«Aªf®¾ªf³KÏ
´hª²¸Ôh³h´ºl­½Ã¿©Í¸}¼½Ôhº»±Aªfº»ÈCÁOßL¸l¸lª²¸¾ªf®l´Lªf³×¨¼[¨}©Í«y©°´hªf³L´hªf³©u³
t2
³L©uÈqÁO¸}±Aª²Ùb¼½Áh¯Í¸i¾ªf®»´hªf³oÛ
±A©u¯Í¸!ã
pigp = pi1 +
pi1
1 + rd
(r − rd) +
lg2
(1 + rd)
(r − rl2)
}óúy× ú½û
ú
D
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êoÔh®¿ØyçZªfÙ²©_EeÙ²©uª²®lÔh³h±í«A­½³
rl2
ÃÚÔhºlº]·Zª²®lßhÈqÆOºl©°ÈCÁ¹¸6©°±½¸]¾ª²®l´hª²³Û´e¼½ºlº]´h©uªùëÅªfº»ªf®»«Aª²³U´hª²Ã
±Aªfºl¼½ÃE¸6ª²³
é
ªà¾Å©u³h³
Π1
ªf³¹¸6ºlçL®lªfÈqÁhªf³ÛO¾­A·Zªf©Z¼½·Zª²®³KÔh®=³h­KÈCÁ
pN
ÊË©Í¸6±A¯°©°ª²´hªf®«Aªf®»·h¯u©°ªf·Zª²³
ºl©u³L´×ÒÓÃ ð=ª²®l±A¯°ªf©°ÈCÁõÙ²Ôh®câR¼Â³hÆQÃÚÔhº»º.´h©°ªáìs®»ªf´h©Í¸6±½ªf³h­Aº»ºlª²³hºlÈqÁe¼ÂÉG¸Ë¼½¯°ºl­2ÉÎßh®[±Aªf±½ªf·Zªf³Lª
ë¶ª²ºlªf®«Aªf³
(1−α)Π1
çL®l­ìi­AçLÉoÃ¿ª²Áh®¼½ÔLºlºlÈqÁKßy¸l¸6ª²³×L¨iªf®ì®lªf´L©°¸6Ù²©u³hº»º6¼Â¸lÙ¬¾Å©u®l´]´e¼Â´hÔh®lÈqÁ
·Zªfº»¸l©uÃ]ÃE¸bÛL´e¼Âºlº¶º»©uÈqÁù´h©°ªñëÅªfº»ªf®«Aªf³¼½Ôhº
t1
Ôh³h´ù´hªf®¬ð=ª²®l¯uÔLº»¸¶©°³
t2
ª²³O¸6º»çh®lª²ÈCÁLªf³×
−(1− α)Π1 =
pN
(
a(e + ae(r − rd)) +
(
a(1− p) + 1
)(1− α)Π1
pN
)
(rl2 − rd) + (1− α)Π1rd
¨}Ôh®lÈqÁôÕiÃãÉÎ­A®»Ã¿ª²³cª²®l±A©°·L¸Åº»©uÈqÁù´hªf®¶ì®lª²´h©°¸lÙf©°³hºlºl¼Â¸6Ù
rl2
¾Å©°ªÉÎ­½¯u±½¸Fã
rl2 = rd −
ae(1− α)(rl1 − rd)(1 + rd)
pae
(
1 + a(r − rd)
)
+
(
a(1− p) + 1
)
Π1
N
(1− α)
} úy× ú
"

¨}Ôh®lÈqÁùÞ=©°³hºlªà¸6Ù²ªf³c«½­A³h} úy× ú
"
©u³
é
¯°ªf©°ÈCÁOÔh³h±&}óúy× ú½ûÔh³L´c±Aª²ªf©u±½³hª²¸lªfºÅÕ¶Ã]ÉÎ­½®lÃ]ªf³[ª²®l±A©°·L¸
ºl©uÈqÁ,ã
pigp = pi
b
p +
(1− p)(1 + a) (1−α)Π
pN
(1 + rd)
(r − rd) +
(1− α)Π
Np
} úy× úAús
ïi·Zªf®´hªf³[Ý¼p¹ÏÐ­Cù©°Ã Ü¼½¯u¯h´hª²®âR¼½³LÆãÁh©°³e¼½ÔLºUe©uª²æAªf³¿ªf©°³hªfÃ m ¯k¼v¸6ªÅ´h©uª²®voOÁh©uª²®ÙfÔLÃªf©°³hªf³
´hªfº»ºlªf³Ñµi³O¸lªf©°¯S¼Â³÷´hª²³íÙ²Ôh®lßhÈqÆO±Aª²¯k¼½º»ºlªf³Lªf³+ëÅªfº»ªf®«Aªf³ÑÔh³h´÷Ù²ÔhÃﬁ¼½³h´hª²®lª²³í´hª²®¶ª²¸»¸6­Kªf®Ï
¸6®6¼Â±ô´hª²®EÙfÔhºlÀÂ¸6Ù²¯u©°ÈCÁLªf³+ÒÓ³O«½ªfº»¸l©°¸l©u­A³hº»Ã¿ä½±A¯u©ÍÈCÁLÆ½ªf©Í¸Ù²Ô×Øy­AÃ]©°¸ñº»©u³h´2´h©°ªÝ¼p¹ÏÓ­9oº·Zªf©°´hªf®
é
®»ÔhçhçZªf³c«A­A³ËÒÓ³L´h©°«K©u´LÔhªf³ù·Zª²ºlÈqÁh®l©°ªf·Zªf³oÛ¾­A·Zª²©8´h©°ªsÙ²Ôôâª²±A©u³L³ù´hª²º¶µ}·hº»ÈCÁh³L©°¸l¸lªfº¶ºlÆO©uÙCÏ
Ùf©uª²®»¸lªð=ª²®lÙfª²®l®»Ôh³h±´hª²ºËê¼½Áh¯°Ôh³h±Aº»çh®l­9Ee¯uº©uÃ Ü¼½¯°¯i´hª²®ùì®»ªf´h©Í¸6±Aª²³h­Aºlº»ªf³hº»ÈqÁe¼ÂÉG¸ù®lª²¯k¼Â¸l©°«
ÙfÔh®¶âR¼½³hÆ[ÆO¯k¼Â®ÅÙ²ÔhÃ*µ}Ôhº»´h®lÔhÈqÆcÆ½­AÃ]ÃE¸b×eÊô¼½³ùªf®lÆÂªf³h³¹¸bÛ´e¼½ºlº¶º»©uÈqÁË´L©uªñÝ¼1p¹ÏÓ­CzºÅ·Zªf©°´hªf®
é
®»ÔhçhçZªf³[©uÃÕi³¹¸6ª²®lºlÈqÁh©°ªf´.Ù²Ôh®RâR¼½³hÆãÔhÃ¿º»­Úº¸qÀ½®»Æ½ªf®Ôh³O¸lªf®»ºlÈqÁhªf©°´hªf³ÛHø»ª}±A®»äAæAª²®´hªf®
é
ªàÏ
¾Å©u³h³¿´hª²®ì®»ªf´h©Í¸6±Aª²³h­Aºlº»ªf³hº»ÈCÁh¼ÂÉG¸
Π1
©uº¸bÛ¹·ZªfÙ²©uªfÁOÔh³h±Aº¾ª²©uºlª=ø»ª¶ÁhäAÁLªf®´h©uª¶Þ=©°³K·Zª²Áe¼½¯Í¸6Ôh³h±
´hªfº
é
ª²¾Å©°³h³hº¶¼ÂÔhº»ÉîÀ½¯°¯°¸f×
µ}¯uº¬¯°ª²¸6Ùà¸6ª²®iØyÈqÁh®l©Í¸l¸ÅÙfÔL®iâª²ºlÈqÁh®lª²©u·LÔh³h±¿´hªfº}ê¼ÂÁh¯uÔh³L±Aºlçh®»­CEe¯°ºR¾Å©°®l´c´hªf®Åªf®¾R¼½®»¸lª²¸lªÝ¼p¹Ï
­C2ªf©°³hªfºÒÓ³O«Aª²º»¸l­A®lºs·Zª²º»¸l©uÃ]ÃÚ¸f×Zµ}ÔLº´hª²³
é
¯°ªf©°ÈCÁOÔh³h±Aª²³}óúy× úAús¶ÔL³h´ } úy×
"
ü¶ª²®l±A©°·L¸ºl©°ÈCÁ
´hÔh®lÈqÁù¸lªf©°¯°¾ª²©uºlª}ð=ªf®»ªf©°³LÉî¼½ÈqÁKÔh³h±]´Lªf®¬ÉÎ­A¯u±½ªf³h´hªµiÔhºl´L®lÔhÈqÆ ã
E
(
pig
)
= ae(r − rd) + p
a
(
e + ae(r − rd)
)
+ ae(r − rd)
(1 + rd)
(r − rd)
+ (1− p)
((1− α)Π1
N
1 + rd
+ a
(1− α)Π1
N
1 + rd
)
(r − rd)
ú9H
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¨}Ôh®lÈqÁ#¾ªf©Í¸6ªf®»ªùðSªf®lª²©u³LÉî¼ÂÈCÁOÔh³h±Aª²³Q¯k¼½º»ºlªf³#ºl©°ÈCÁ#´h©°ª
é
ª²¾Å©°³h³hªf®¾R¼½®¸6Ôh³h±½º»¾ª²®»¸6ªË´hªf®]ÒÓ³yÏ
´h©°«K©u´LÔhªf³Ñ©uÃÜ¼½¯u¯S´Lªf®Eì®lªf´L©°¸6±½ªf³h­Aº»ºlª²³hºlÈqÁe¼ÂÉG¸ÚÔh³h´2©uÃÜ¼½¯u¯S´Lªf®EâR¼½³LÆ÷ÙfÔhª²©u³e¼Â³h´hªf®©u³
âªfÙ²©uª²ÁKÔh³h±]ºlªà¸6Ùfª²³,ã
E
(
pig
)
= E
(
pib
)
+ (1− p)
(1 + a)(1− α)Π1
(1 + rd)N
(r − rd)
}óúy× ú
D

¨}ªf®
é
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N
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z
Û
−(1− p)u′
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)
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pibp + γ
z
p
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iÔL¸lÙfªf³yÉÎÔh³hÆ¹¸6©°­A³Ëºl­ ¾­AÁL¯8ª²©u³hª©u³h³hª²®lªsò8ä½ºlÔh³h±¿¼½¯°ºÅ¼½ÔhÈqÁË·Zª²©u´Lªñëi¼½³L´h¯uäAº»Ôh³h±Aª²³cÉÎßh®
z
©u³
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¼½³h´hª²®lªf³¿ò8ä½ºlÔh³h±sÉÎßLÁh®lª²³Û¹ºl©u³L´¿¼½¯°¯u±½ªfÃ]ªf©°³Ú³h©°ÈCÁ¹¸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dpij(Rd)
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=
2(R− γ)
(γ + ei + ej − 2Rd)2
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dp2
=
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=
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ei = 2; ej = 1; R = 10; γ = 12; ρ = 3
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